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MMORANDUK FOR: Chilef, Technicsl Plenv nd Development Steif
THROUGH : Chief, Teninicel Developmsent Brench

SUBJECT s Steif Study - Projectiom Lens to Meet Preasent rnd
Futurs Requirements

PROBLEN

1. There existiz & requirexent for ¢ femily of high guslity projection
lenses for snlsrgers end scepeening viewvers.

FACTORS ERARING ON THE PROELEM

2. Trets

A, Froc the tegioming the sri/szcience of lene design bes atilized
formilee besed an the spherieal surfrue elmost excluasively. This is
especielly true in refruciive type lemses r3 sre those used on enlargere
end prolsctora,

B. All lensas, pertlcularly those of large sperture snd of recson-
cble half-engle (15 dagrees or larger), ere turdened with the gaatt of
charecterictic abterretions; they cre setigpatium, come leterel end
exiel color, rphericel snd field curveturs 1o wmentiom the nost imporient.
Thege sherretione ere reduced by menipulsting the index of refrectiion
end dicpersion of 4he opticel glessos usad in the different elements,
the curveture of the surfeces spd the cpecing of the elements. No lens
utilizing the spherdcal surfreoe design in fte esleulotion cen be fully
corrected” to relieve it of theeo sverretions,

C. A lens csn be designed 1o be diffrection liited for the o
exis dmege znd for imsges felling o3 wuck &8 5-T degrees off oxis
dcfinitions for éiffrsction limit oriterds). The inebility to

requlring numerous gless clements both cemented end eir ocpeced.

the ineresse 1n nupbers of olements, psrticularly elr spaced, the light
trensmitted by the lenme is wignificently reduced., The rbility to
schisve the diffraction lirdt further off the opticel cxis is oul of
the -~uestion followin: vressmt design criteris.

NGA Review Complete R
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D. As fer Yeck as 1638, Descortes disclosed the geometricsd mien
of @ single element lens frae %m sphericel cterrstion. The description
had one surface = portion of off eXlipse end the other surface woo
sphericel with its center i curvature at ome of the foci of the cllipse.
The ellipse together with thoe mrebol& eaml the hyperbols zre :zlmple
excrples of whet mey be described c: - npheric or nomsphericsl surfeces
of revolution esch heving pprtic_ular pro"‘:"*r‘t ies vhen used s¢ refracting
or reflecting surfeces. The reeson for not dzzimming lenaeas utilizing
espheric surfeces since the originel by desserizs hus been the insurmcunt-
eble mechsnicsl protlem of grimding, polishin: :nd reteining the extrevely
high degree of eccurcey required. Since World Wer I tremendous strides
beve been mede in the lens grindimg and polishing creft in the rocls of
generating the nomsphericel surfice 1o the point where come lenses in
which one of the surfices is agpheric sre im coemer-izl production.
Previously such zlemenmts with the nonepherieal surfece wers hend xede;
the economics of production precluded thely use except in speciel cesas.

3« Definition

The criterie for the diffrzetion limit iz = function of the wsve-
length of light end the physicel dismeter or lemns eperture, the limit
being the diffraction pzitern imsge of z point light source formed by
the lems. This diffrsction pettern is tetier known o3 the Alry disc.

- PISCUSSION

L The state of the srt in lens design 1s et e point where one or more

¢ spheric a,urfwes cen be incorporsted im e lens design to more nesrly
echisve ¢ ' fully corrected’ lens. It is to ¢ point where econonically
1t 1s feezidble to comsider desigming » lzns with sll curfeces sspherized.
By following this philosophy the nuiter of elements required cen te
reduced by as much &3 50 percent, light tronamlssion incressed by et
lesst the same zmount, come eberrstions climimated end others reduced

10 ¢ bere minionm, the diffrsction limit cxtended rcrose very neerly

the vhole engular coverege end the enguler covereze ineressed,

5. The lens under comsiderctiom vould be of eperture of £/2, diffraction
limited to ot leest 2¢ uu@‘ees off axie, diffrection livit resolution

on exis of thS 1fmm for LG mu, F line Hyérogenm, and ¢t 2C degrees

T90 l,m, £ T-stom of 2.25 which reens thet theoretlcelly S percent

of the light will be trenasmittesd, end it would heve at leest ¢ 30 degree
hell engle.

&. This family of lemses would be used to retrofit enlsygers ~nd soresu-
ing viewers now in use and would Ye & specific requirement for s1l
future instruments.
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7. This lens would be cvle to hendle materiel resolutions up to 250
Vrz with only & 5 1/ven loss. This ebility should setisi; {uture require-
zonts for at lenst the next navernlkauurs.

CONCLUIIONS

8. & mzxjor otsirels in the terminel quolit: of the product to be ex-
ploited by & sor “'Fing viewer or prol setion enlarger is the quelity of
the lens. 3ignificent luprovemenis in this eres of lenses w11l signifi-
cantly improve the oxrloitetion uab, vhether 1t be the intcrpretetion

of 2 screened imeus Or ¢ print.

ACTTON RECQMMENDED

. Authority be grented to pursue zn sdvenced projection lens design.

10, Authority and procedure determined vhereby the technicel ronitor
can soliclt edvice and technical services of en euthority in the eree
of lens design prior to coliciting proposels. Specifically the suthority
would be
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